This study aimed to investigate the relationship between microalbuminuria and office blood pressure (BP) as compared with ambulatory BP in patients with diabetes mellitus under everyday practice conditions. It was also undertaken to assess the effect of the angiotensin converting enzyme inhibitor cilazapril on diabetes-associated albuminuria. Ambulatory BP was recorded during daytime in 54 patients with type II diabetes mellitus at the end of a 4-week period during which they received no vasoactive drug. The difference between office and ambulatory BP was unpredictable in the individual patient. There was no significant correlation between either ambulatory or office BP and urinary albumin/ creatinine ratio. Fifty-one patients underwent a 40-week treatment with 5 mg/day of cilazapril. There was, in the absence of satisfactory BP control, the possibility of adding the calcium antagonist amlodipine (5 mg/day) from the 10th week onward and 12.5 rag/day of hydrochlorothiazide from the 20th week onward. Office mean BP was significantly reduced after 30 to 40 weeks of therapy in patients with normoalbuminuria (n = 19, -14%, P < .001), in those with microalbuminuria (n = 22, -6.6%, P < .01), as well as in those with clinical proteinuria (n = 9, -11.4%, P < .01). During the same time, the urinary albumin/creatinine ratio was not modified in normoalbuminuric patients (n = 19, +24.6%, P = .72) as well as in those with clinical proteinuria (n = 9, -29.4%, P --.09). On the other hand this value was significantly reduced for the group with microalbuminuria (n = 23, -24.3%, P < .05). In the overall population, as well as in hyperalbuminuric patients (patients with microalbuminuria + patients with clinical proteinuria), the reduction of the albumin/ creatinine ratio was also significant (n = 51, -7%, P < .01 and n = 32, -25,7%, P < .01, respectively). In conclusion, the findings of this study performed by practicing physicians show that ambulatory BP may differ greatly from office BP in diabetic patients. They also indicate that urinary albumin excretion is poorly correlated with office and ambulatory BP in type lI diabetics. Finally, they demonstrate the antiproteinuric action of prolonged treatment with the angiotensin converting enzyme inhibitor cilazapril, whether given alone or combined with amlodipine.
This study aimed to investigate the relationship between microalbuminuria and office blood pressure (BP) as compared with ambulatory BP in patients with diabetes mellitus under everyday practice conditions. It was also undertaken to assess the effect of the angiotensin converting enzyme inhibitor cilazapril on diabetes-associated albuminuria. Ambulatory BP was recorded during daytime in 54 patients with type II diabetes mellitus at the end of a 4-week period during which they received no vasoactive drug. The difference between office and ambulatory BP was unpredictable in the individual patient. There was no significant correlation between either ambulatory or office BP and urinary albumin/ creatinine ratio. Fifty-one patients underwent a 40-week treatment with 5 mg/day of cilazapril. There was, in the absence of satisfactory BP control, the possibility of adding the calcium antagonist amlodipine (5 mg/day) from the 10th week onward and 12.5 rag/day of hydrochlorothiazide from the 20th week onward. Office mean BP was significantly reduced after 30 to 40 weeks of therapy in patients with normoalbuminuria (n = 19, -14%, P < .001), in those with microalbuminuria (n = 22, -6.6%, P < .01), as well as in those with clinical proteinuria (n = 9, -11.4%, P < .01). During the same time, the urinary albumin/creatinine ratio was not modified in normoalbuminuric patients (n = 19, +24.6%, P = .72) as well as in those with clinical proteinuria (n = 9, -29.4%, P --.09). On the other hand this value was significantly reduced for the group with microalbuminuria (n = 23, -24.3%, P < .05). In the overall population, as well as in hyperalbuminuric patients (patients with microalbuminuria + patients with clinical proteinuria), the reduction of the albumin/ creatinine ratio was also significant (n = 51, -7%, P < .01 and n = 32, -25,7%, P < .01, respectively). In conclusion, the findings of this study performed by practicing physicians show that ambulatory BP may differ greatly from office BP in diabetic patients. They also indicate that urinary albumin excretion is poorly correlated with office and ambulatory BP in type lI diabetics. Finally, they demonstrate the antiproteinuric action of prolonged treatment with the angiotensin converting enzyme inhibitor cilazapril, whether given alone or combined with amlodipine. © 1996 American Journal of Hypertension, Ltd. Am J Hypertens 1996;9:1220-1227 KEY WORDS: Hypertension, angiotensin converting enzyme inhibition, calcium antagonist, diuretic, diabetic nephropathy. I n Europe more than 25 million persons may have diabetes mellitus, 10% of them insulin dependent (type I) and 90% primary non-insulin-dependent (type II) diabetes mellitus. About 35% of type I and 25% of type II diabetics develop nephropathy. 1 This complication manifests itself 7 to 15 years after the onset of diabetes mellitus (in diabetes mellitus type II seemingly earlier) as persistent microalbuminuria (incipient ne-phropathy).-" In its natural course, microalbuminuria progresses in 80% to 100% of cases within 10 to 30 years from diabetes mellitus onset to proteinuria of >0.3 g/ day and glomerular filtration rate now begins to decrease (clinical nephropathy). And the latter progresses in 90% rather rapidly, within 10 years to terminal renal failure. Not only has diabetes mellitus emerged as the most common cause of end-stage kidney disease, ~ but relafive cardiovascular mortality is increased up to sixfoM in diabetics with hypertension and/or microalbuminuria 4-6 and up to a staggering 35-fold once the latter has progressed to clinical nephropathy. 7 ' 8 Diabetes mellitus-associated metabolic changes and glomerular hypertension are thought to promote diabetic nephropathy9 '1° Intraglomerular pressure depends in part on systemic blood pressure (BP). In diabetes mellitus type I, BP tends to rise slightly, although still within the normal range, before or concomitant with the onset of incipient nephropathy, u'12 Thus, positive correlations between urinary albumin excretion and clinic BP have been noted in type I diabetes mellitus. H'1~ In diabetes mellitus type II, systemic hypertension often exists already years before the appearance of diabetes mellitus or nephropathy. 1't4 Because office BP is often distorted by a "'white-coat" pressor effect, ambulatory BP has been found to be more predictive of cardiovascular complications ~s-18 and perhaps could also correlate better with diabetic albuminuria.
In reducing microalbuminuria or clinical proteinuria, certain angiotensin converting enzyme (ACE) inhibitors have been more effective than other antihypertensive agents, t~'2° Considering this state of information, which has been based largely on studies performed in specialized investigation centers, the present study was undertaken to evaluate the following questions: 1) to what extent are office BP readings in type II diabetic patients with hypertension or microalbuminuria predictive of their mean daytime ambulatory BP? 2) what is the relationship of type II diabetes mellitus-associated albuminuria observed under nonspecialized, everyday practice conditions with office BP as compared to ambulatory BP? and 3) what is the efficacy of the newer long-acting ACE inhibitor cilazapril in reducing type II diabetes mellitus-associated hyperalbuminuria?
PATIENTS AND PROTOCOL
Patients were enrolled by their treating physicians in private practice. Men and women, aged 18 to 75 years, with type II diabetes mellitus and on standard antidiabetic therapy (dietary instruction and oral antidiabetic agents or insulin where appropriate) were considered eligible. An initial clinical examination including retinoscopy, a standard 12-lead electrocardiogram, and measurement of urinary albulnin/creatinine ratio in a spot urine were performed. Patients who were either diagnosed as 1 ) hypertensive (based on repeated office BP > 140/90 mm Hg and / or the history of ongoing antihypertensive treat-ment), or 2) normotensive (office BP -< 140/90 mm Hg) but having an increased urinary albumin excretion (albumin / creatinine ratio < 2.27 mg/mmol in the spot urine), entered the study.
All these patients underwent a 4-week observation period, during which they received no vasoactive drugs ( "wash-out" period). During the last 2 weeks, urine spots were collected again two to three times for determination of albumin / creatinine ratio. The mean of these measurements was calculated. Office BP, daytime ambulatory BP profiles, and various laboratory parameters (see below) also were determined at the end of the wash-out period. The study was subdivided into two parts ( Table 1 ) . Study A comprised all patients in whom at the end of the washout period ambulatory BP monitoring could be successfully performed and analyzed. The aim of this study part was to assess the relationships among ambulatory BP, office BP, and albuminuria in type II diabetics off antihypertensive drugs. The study B examined the effects of the active antihypertensive drug therapy on these variables and involved all patients exhibiting at the end of the 4week run-in period an elevated ambulatory or, in the absence of an interpretable ambulatory profile, office diastolic BP > 90 mm Hg or confirmed elevated albuminuria.
Exclusion criteria were severe hypertension (mean ambulatory or office diastolic BP > 115 mm Hg) or malignant hypertension, secondary forms of hypertension (except hypertension associated with diabetes mellitus per se), type I diabetes, decompensated diabetes mellitus, proliferative diabetic retinopathy, myocardial infarction, congestive heart failure, stroke, nephropathy of nondiabetic origin, serum creatinine > 160/lmol/L, kalemia > 5 mmol / L, pregnancy or lactation, drug or alcohol abuse, suspected noncompliance with treatment, and severe illnesses such as chronic hepatitis, liver cirrhosis, or cancer.
The active treatment period lasted 40 weeks. Blood pressure was monitored at 10-week intervals at the office and whenever possible by ambulatory BP monitoring. During the first 10 weeks, the ACE inhibitor cilazapril was administered in a dose of 5 mg once daily. During weeks 11 to 20, patients with a mean ambulatory diastolic daytime BP of < 85 mm Hg or, in the absence of interpretable ambulatory data, an office diastolic BP of -< 90 mm Hg continued on cilazapril monotherapy, 5 mg daily, whereas patients whose BP was still elevated (according to either ambulatory or office BP values) received cilazapril, 5 mg, combined with the calcium antagonist amlodipine, 5 mg, once daily. From week 21 to 40, patients who at week 20 were normotensive (according to the criteria described above) continued their previous medication, whereas those who were still hypertensive received in addition hydrochlorothiazide, 12.5 mg once daily. Determinations of urinary albumin/creatinine ratio were performed at 10-week intervals. The means of measurements at the end of the wash-out phase were used as basal pretreatment values whereas the mean of measurements At completion of the run-in phase and again after 10 and 40 weeks of active treatment, fasting serum glucose, glycosylated hemoglobin (HbA~c), fructosamine, total cholesterol, HDL cholesterol, triglycerides, sodium, potassium, creatinine, transaminase and alkaline phosphatase levels, hemoglobin and white blood cell count were measured. Fasting C-peptide for verification of diabetes mellitus type was determined at baseline. At the end of the study, clinical examinations, retinoscopy, and standard 12-1ead electrocardiogram were repeated.
Analytical Methods
Office BP was determined after 5 min in the seated position by the conventional auscultatory method using a sphygmomanometer and a pressure cuff. The fifth sound was defined as diastolic BP. Ambulatory BP monitoring was performed with the device Profilomat (Disetronic, Burgdorf, Switzerland), a fully automated apparatus. This ambulatory recorder has been validated according to the protocol of the British Hypertension Society, receiving the best grade for diastolic and the second best grade for systolic BP. 21 Participating physicians attended preparatory training sessions where they were instructed to 1 ) place the cuff over the previously palpated brachial artery, 2) always take three auscultatory control readings with a sphygmomanometer connected simultaneously to the cuff, and 3) systematically validate the method by ascertaining before each BP monitoring that the average diastolic and systolic differences between readings by the recorder and control measurements were < 5 mm Hg. The patients were asked to remain motionless during the automatic measurements every 30 min during waking hours of the day while pursuing their normal activi-ties. The arithmetic mean of all daytime measurements was calculated and designated as ambulatory BP. Only those recordings with at least 75% of the preset daytime measurements available for analysis were accepted and included in the final evaluation.
Urinary albumin concentration was measured by the immunoturbidimetric method. Using the mean of measurements at the end of the wash-out phase, normoalbuminuria was defined as an albumin/creatinine ratio of < 2.27 mg/mmol creatinine, microalbuminuria as a ratio of 2.27 to 22.7 mg/mmol creatinine, and clinical proteinuria as a ratio of > 22.7 mg/mmol creatinine. All laboratory measurements were performed centrally by an independent institution (Viollier, Basle, Switzerland).
Statistical Analysis Data management and analysis were performed by an independent company (Brunner and Hess, Z~rich, Switzerland). Descriptive statistics were based on absolute and relative frequencies, counts and mean values with standard deviations for the groups and subgroups to be considered, as well as scatter plots of bivariate distributions with their respective regression lines. Calculation of P values for the rejection of zero hypothesis was performed with nonparametric test procedures (Wilcoxon pairwise and Wilcoxon-Mann-Whitney groupwise). Results are presented as means + SEM.
RESULTS

Part 1: Ambulatory BP, Office BP and Albuminuria
in the Untreated Patients At the end of the wash-out period, an ambulatory BP profile meeting the set quality criteria (see above) could be obtained in 54 patients (Table 1 ) . Mean daytime ambulatory BP averaged 147 / There was no significant difference in ambulatory or office BP among these three subgroups. However, systolic BP was higher (P < .05 for all patients) when measured by a physician than during ambulatory monitoring in patients with normoalbuminuria or microalbuminuria as well as in those with clinical proteinuria. The difference between office BP and the mean of ambulatory BP was calculated in each patient. Figure  1 depicts the relationship between this parameter (on the ordinate) and the BP reading taken by the physician (on the abscissa), both for systolic (upper panel) and diastolic (lower panel) BP. The sign of the difference between office and ambulatory BP is positive when BP is higher in the presence than in the absence of the physician, the converse being true when the sign of the difference is negative. Despite significant correlations between the two parameters for both systolic (r = 0.58, P < .001) and diastolic (r = 0.37, P < .01) BP, the scatter of the individual values was clearly too large to allow the prediction of ambulatory BP on the basis of office BP readings.
Due to a non-Gaussian distribution, the natural logarithm of urinary albumin / creatinine ratio was used for regression analysis. Urinary albumin/creatinine ratio was unrelated to either ambulatory or office diastolic BP or systolic BP (Figure 2 ).
Part 2: Ambulatory BP, Office BP and Albuminuria
During Active Treatment Sixty-two diabetic patients fulfilled the inclusion criteria at the end of the 4-week wash-out phase and underwent the protocol of the active treatment period. Eleven of these patients withdrew during this phase because of side effects (n = 5), non-drug-related intercurrent illnesses (n = 3), antihypertensive inefficacy (n = 1), or merely at their own wish (n -2). Therefore, 51 patients completed the study ( Table 1 ) and could be analyzed for efficacy. Sixteen patients had previously not received antihypertensive therapy. Of the remaining 35 patients, 12 had been on a fl-blocker, 13 on a diuretic, 13 on an ACE inhibitor, 5 on a calcium antagonist, and 2 on other agents. These drugs, given either as mono-or combined therapy, were all withdrawn before the 4-week run-in phase.
During wash-out conditions, 19 (37%) patients had normoalbuminuria, 23 (45%) microalbuminuria, and 9 (18%) clinical proteinuria (Table 3 ). On active treatment, office BP decreased progressively, although in the clinical proteinuria subgroup this was delayed be- yond the 10th treatment week ( Considering subgroups with different drug treatments, mean BP decreased in the cilazapril monotherapy group (n = 14), representing 28% of patients, from 114.3 ± 2.7 mm Hg after wash-out to 102.7 + 2.8 mm Hg (P < .01, -9.6%) after 30 to 40 weeks of active therapy. In the ACE inhibitor calcium antagonist group (n = ll ), accounting for 22% of the patients, mean BP was not improved after the initial 10 weeks of cilazapril monotherapy (117.2 _+ 3.3 mm Hg v. 118.5 ± 2.4 mm Hg after wash-out), but decreased to 105.0 _+ 2.4 mm Hg (P < .01, -10%) at the end of the subsequent cilazapril-amlodipine combination phase. In the triple therapy group (n = 17), mean BP tended to decrease only minimally after the initial cilazapril monotherapy (from 124.1 ± 3.6 mm Hg to 117.2 + 3.3 mm Hg), averaged 113.5 ± 2.3 mm Hg (P < .005, -8.1%) after the subsequent 10-week cilazapril-amlodipine combination phase and decreased further to 108.2 ± 1.4 mm Hg (P < .0005, -7.8%) after the addition of hydrochlorothiazide.
With regard to heart rate and body weight, no significant difference was observed at baseline between the three groups, and no significant change was seen later during the course of the study (not shown).
Compared with the wash-out phase, active treatment did not modify the urinary albumin/creatinine ratio in initially normoalbuminuria patients (n = 19 ), but distinctly reduced this variable in patients with microalbuminuria (n = 23, P < .05, on average -24.3 ± 8% at treatment weeks 30 to 40). In those with clinical proteinuria (n = 9), the reduction ( -29.4% ) was highly variable from patient to patient and did not achieve a significant level. In all hyperalbuminuric patients taken together (n = 32), the reduction achieved -25.7% (from 54 --18 mg/mmol to 40 + 16 mg/mmol, P < .005) ( Table 3) .
Considering groups with different drug treatments, the urinary albumin / creatinine ratio in the patients receiving cilazapril monotherapy (n = 14) decreased from 12.3 + 5,9 mg/mmol during wash-out to 9.5 ± 4.8 mg/mmol (-22.8%) at treatment weeks 30 to 40 (P = not significant). In the ACE inhibitor calcium antagonist combination group (n = 11 ), urinary albumin/creatinine ratio decreased from 43.6 ± 31.1 mg/mmol during wash-out to 28.7 + 17.7 mg/mmol (-34.1%) after the initial 10 weeks on cilazapril alone, and decreased further to 15.8 ± 8.2 mg/retool (-63.7%) during the subsequent cilazapril-amlodipine combination phase. In the triple therapy group (n = 17), the urinary albumin/creatinine ratio decreased from 60.5 + 29 mg/n~nol to 47.9 ± 23.4 mg/ mmol (-20.8%) within the initial 10 weeks of cilazapril therapy, but returned to 57.2 ± 30 mg/mmol (-5.4%) at completion of the trial.
After 30 to 40 weeks of active therapy, there was no significant correlation between urinary albumin/creatinine ratio and mean systolic ambulatory BP (r = 0.01 ), and systolic office BP (r = 0.01 ). The same was true for diastolic ambulatory and office BP (r = 0.02 and r = 0.02, respectively). Treatment-associated percentage changes in urinary albumin / creatinine ratio did not correlate significantly with concomitant changes in mean ambulatory and office systolic BP (r = 0.31 and r = 0.01, respectively), as well as with changes in ambulatory and office diastolic BP (r = -0.08 and r = 0.19, respectively).
The effects of active treatment on humoral parameters are shown in Table 4 . No significant change was observed during the course of the study in patients with normoalbuminuria as well as in those with microalbuminuria or clinical proteinuria. There were also no significant changes in the treatment groups, except for a slight increase in serum glucose on hydrochlorothiazide-containing triple therapy ( 10.68 _+ 0.84 mmol / L v 9.19 + 0.69 mmol/L after washout, P < .05). Five patients discontinued the study because of adverse symptoms such as dry cough (n = 3), a rash appearing during the cilazapril monotherapy phase (n = 1), or tiredness and depression reported during the cilazapril-amlodipine combination phase (n = 1).
Intercurrent diseases, leading to study discontinuation but rated as drug unrelated, included myocardial infarction, kidney tumor, and amputation of a foot, each in 1 patient.
DISCUSSION
The findings of this study demonstrate that in type II diabetic patients with hypertension and/or hyperal-buminuria, large differences exist between BP measured in the physician's office and mean daytime ambulatory BP, and that the scatter of individual values of both systolic and diastolic BP was clearly too large to allow the prediction of ambulatory BP on the basis of office BP readings. Moreover, contrasting with the known close correlation between urinary albumin excretion rate and systemic arterial BP in diabetes mellitus type I, 11'13 the level of albuminuria in 54 type II diabetics receiving no antihypertensive therapy was found to be unrelated to either office or ambulatory BP. Complementing this, treatment with the ACE inhibitor cilazapril alone or combined with amlodipine improved both hypertension and hyperalbuminuria.
The presence of diabetes mellitus combined with hypertension or hyperalbuminuria represent a very high risk situation. 4 s Therefore, diabetic patients deserve careful evaluation and monitoring of their BP and albuminuria state. This trial was performed by practicing physicians, thus reflecting closely the expe- rience accumulated by most doctors in taking care of diabetic patients. Moreover, complementing the conventional BP measurements by the physician, BP during everyday activities was monitored whenever possible using the ambulatory recorder Profilomat. This fully automated device is known to provide accurate BP profiles. 21 A large body of evidence suggests that BP recorded outside the medical setting correlates better with renal, cardiac, and cerebral injury than BP obtained sporadically by a physician. 15-1s' 22' 23 Therefore, the use of ambulatory BP monitoring seems particularly attractive in diabetic patients. The pathogenesis of hyperalbuminuria as a characteristic although not specific manifestation of microvascular renal disease is thought to involve hereditary, metabolic, and hemodynamic factors. 9'1°'24"25 Intraglomerular pressure and flow, rather than systemic BP, is the ultimate hemodynamic determinant of glomerular damage. 1° Therefore, the tendency for a close albuminuria-BP relationship in untreated type I diabetics1113.22 and the lack of such a correlation in type II diabetics, suggests a different impact of systemic BP on intraglomerular pressure. Thus, in diabetes mellitus type I, where systemic BP increases slightly before or at the onset of nephropathy, afferent arteriolar vasodilation may allow even such mild systemic BP changes to produce parallel increases in intraglomerular pressure. In contrast, in type II diabetics arterial hypertension often precedes diabetes mellitus or nephropathy, 14,a6 but may have a less direct effect on intraglomerular pressure. Regardless of the exact systemicintrarenal pressure relationships, increases in systemic BP are likely to promote, although not necessarily initiate, hyperalbuminuria and nephropathy progression in diabetes mellitus type I as well as type [I. 2, 27 The antiproteinuric efficacy of antihypertensive drugs has been shown to differ among certain agents or drug classes. 19' 2° Thus, an antiproteinuric effect of diuretics, fl-blockers, and several calcium antagonists (except nifedipine, which is ineffective) requires a concomitant reduction in systemic arterial BP. In contrast, ACE inhibitors exert direct intrarenal effects and, thereby, reduce proteinuria even at an unchanged systemic BP. By inhibiting angiotensin II generation they dilate preferentially the efferent arteriole, thereby decreasing intraglomerular pressure to a level lower than expected from changes in systemic BP per se; moreover, they decrease the glomerular permeability for proteins. 28 Therefore, ACE inhibitors have emerged as the preferred drugs for treating microalbuminuria or clinical proteinuria in diabetic patients, t4 The 26% albuminuria reduction achieved with cilazapril in the hyperalbuminuric diabetics is quite similar to the previously reported efficacy of captopril in doses of 75 to 100 mg/day in type I diabetics with either incipient or clinical nephropathy. 2~' 3~ In type II diabetics, long-term treatment with enalapril reduced the progression from incipient to clinical nephropathy in normotensive as well as in hypertensive patients 31, 32 ; moreover, in the normotensive diabetics, microalbuminuria was not lowered but rather stabilized by enalapril, whereas it increased progressively on placebo. 3~ Because cilazapril also lowered systemic BP, the relative contribution of the latter versus direct intrarenal actions could not be further dissected. In the group of diabetics whose BP was not controlled satisfactorily after 10 weeks of cilazapril monotherapy, 20 weeks of combined treatment with cilazapril and the calcium antagonist amlodipine further decreased albuminuria from -34% to -64%. This complements the previous observation of an additive antiproteinuric action of lisinopril and diltiazem versus verapami133"34 and supports the potential usefulness of certain ACE inhibitor calcium antagonist combinations in the treatment of diabetic patients with hypertension and/or hyperalbuminuria. 14"34 Proteinuria is most likely not an innocent bystander, but may probably per se promote nephropathy progression 35' 36 and therefore, requires treatment. Without effective therapy, in 80% to 100% of patients diabetic microalbuminuria will progress to the highrisk state of clinical nephropathy. 2' 9 Most important, slowing of diabetic nephropathy progression occurred subsequent to proteinuria reduction, but has never been described with persisting unchanged proteinuria.
Overall, the different antihypertensive drugs used in the present trial were well tolerated. Only five patients interrupted the treatment because of side effects. The therapy had no unfavorable impact on humoral parameters.
In summary, these data demonstrate the antiproteinuric effect of prolonged ACE inhibition with cilazapril in diabetic patients. They also indicate that in type II diabetics, urinary albumin excretion is poorly correlated with BP, whether measured in the physician's office or recorded in the patient's usual environment. Moreover, it appears that the level of diastolic BP is underestimated in some diabetics when the measurement is performed by a physician. Finally, the results show that ambulatory BP cannot be predicted in the individual diabetic patient based on office BP readings.
